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BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 



10 2 . Description of the Related Art 

Time Interval Analyser) -^jfll >^ (frequency counter) £rt> 

(fluctuation) 7> Y 7 y kffift (histogram analysis) \Z. X. V) ffl£i" 
Tft, tzbz.\~£, Wavecrest Corp. , Jitter Analysis Clock Solutions, 

20 

30 ^ny* ■ **^H9iJ£^g£*<^££^fc1-5^Kfc5. 



In 



2 

SUMMARY OF THE INVENTION 



Therefore, it is an object of the present invention to provide 
a clock skew measuring apparatus and method which overcomes the 
5 above issues in the related art. This object is achieved by 
combinations described in the independent claims . The dependent 
claims define further advantageous and exemplary combinations of 
the present invention. 

10 -rfcfc^ *&w<dm i o&mzxtiti. msmmmz&vzmtn&wm* * 

5^^H«^ (element) t, tGS3«Stt*BBfcAa£*l,5XTO# 
<Di?uy? t#>Z> 9 nyt 

20 huis^ o y 9 • * -»s«tttt, mtmw<o®mfe? xl y ? m^vztizti 

25 Wie^ b yt • ^*3.Hfet¥JR». fl&IEftWJfc* d y y-fg*m<0? Vy? 
* a. - ©«g£ftj&££ mfe L T t> J: V \ 

MIS^ n^. **3.Hftj£^£tt, fflffiftWfc* b y?m^ffl<Dy- uyy 
**.—<D^M8\il$# (random component) ZMfeVX i> <fcV\ 



30 



WSL9 n yt . **3-#t£3M&«:, lufB^W^O^y 2? • ? y^T-fc-S 



3 



io tusa^-r ? mumm^x xvmwnfe* n s> 

Q 15 , buIB^^^ 

s ■ 

25 

band-pass filter) 
30 fiirSEW^lMSMt^-* Hilbert £&LA^lS-^ Hilbert 5 
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Hilbert (Hilbert transformer) k, 

fiwe«wrfs«jft¥«!tt, imvmMtoy ^m^itmti 
»*ftj5©j*^^sr»9 atiiftfflfliR&WR*, «WB#«iija»a«©Hi^ 

t><fcv\ 



5 



By 15 * p y ? ff-^iliR* T y ^T-iliR £ Bt!E&S'J?£ ^ny^ft^OM 

10 

Striata 5/* ^^-liUftS^T^tt, 1im®fflfc*oy9i3*13l<D? 

25 y?X-hZ&m*J$>y%bbibZXTyy*k t t^m&fe?ny?fe%C>^y 

^Xfn%&m<D&m%? *y? is%®<D tvy? 'X**.~%hbit>Z>x : ry7 
b, fcJWH/Cfcivv 

30 




mm* v v ♦ ? j % y ? * h t & s * f v ?\% fiwanMr ct vm&mfe 

5 T<fcV\ 

z>*Ty?b, msmmtefr tbmm&mfe? *yt m%<o v ~Tm&?<±ftz h t 



v^t, mmft®%m®*% Hiibert a s^at*© 

Hilbert mm*$LJ&1rZ>XTyZfb, £ &ffi LTk «fcV\ 
30 




? v ? t 9- * y fc#5g-f -6 x r y 7° i: , ffl£/< v 7 7- ^ ^ y J: •? te-g-fclffi 



This summary of the invention does not necessarily describe 
all necessary features so that the invention may also be a 
sub- combination of these described features. 

BRIEF DESCRIPTION OF THE DRAWINGS 



s 



(Figure 1 Clock Skew Measurement using Time -Interval Analyzer. 

) 

(Figure 2A Clock Distribution Network.) 

[0 2 B] *ns>? •^^-©^^^^^SKtt^'fBTffcS. 

(Figure 2B Timing Analysis for Clock Skew.) 

(Figure 3 A Clock Skew Measurement Circuit.) 

[041 fcJMl©**?* • **»H«6!9fc«>JW«>— fllfcvi" 0T?*>6.- 

(Figure 4 Another Clock Skew Measurement Circuit.) 

[0 5 A] 9vy9$ffifry %%&&\Z.7Ft 0Tfc5. 

(Figure 5A Clock Distribution Network.) 

II5B] • ^^»-©^>f 5V/*«*ft^^i-0tf*)S. 

(Figure 5B Timing Analysis for Clock Skew.) 

[06 A) WSfeirvytfeVrQiXtntJXXr - *yy9 ^ [n] co-fll^ 
1-0X^5. 

(Figure 6A Timing Jitter A<p j [n] of the CLKj . ) 

[06 Bl temfefttytft^-CLKkO* J ?y# V[n]«Hl^ 

(Figure 6B Timing Jitter A«p k [n] of the CLK*.) 

[0 7] RtlZtxiyt ■ Ft 4 f%i>Ofiny fi$m* y &g&&j\£ 

(Figure 7 Clock Distribution Network with Different Clock 
Domains . ) 

( Figure 8 Clock Skew Measurement using Frequency 
Multiplication by Modulo M; M = 2.) 

[0 9 ] P ??®%(D-m&7Frt®-?k6. 
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(Figure 9 A Clock Signal x(t) .) 

[mi oj w&ztititmm%-<D-m*fF-tm-zhz>. 

(Figure 10 The Analytic Signal z(t).) 

mi i] *mm&zh^mmmiB#o-m&i-®-chz>. 

5 (Figure 11 The Discontinuous Instantaneous Phase <p(t).) 
(Figure 12 The Unwrapped Instantaneous Phase <p(t).) 
(Figure 13 A Digitized Clock Signal x(t) .) 

io (ei 1 4 ] fft £ £ 9 * hfttc&mjm^omw*?-*^? h/w-m&^i- 

(Figure 14 Both-Sides Power Spectra of the Clock Signal X (f ) . 

) 

[Ell 5] ^ftrnZtlltfrm'^-X^? h/KD-^iJ^-flHT'feS. 
15 (Figure 15 Band-pasBed Power Spectra of the Clock Signal z (f ) . 
) 

(Figure 16 The Band-passed Analytic Signal z(t).) 

20 imi 7j wmfe?*y?i$?r<D-m*7£-fm-?hz>. 

(Figure 17 A Clock Signal x(t) .) 

[sis] m&fe* n y ?m^omr{%%-(o--m&iF-rm"Zhz. 

(Figure 18 An Analytic Signal z(t) of the Clock Signal x(t) . 

) 

25 i® 1 9] &mfe? n y ?^<bm^ttm?<D-m*7F-tm-<thz>. 

(Figure 19 The Instantaneous Phase <p(t) .) 

[02o] muz? n y ?^<Dmmmm%mt<D-m*7Firmx*hz>. 

(Figure 20 The Instantaneous Phase Noise A<p(t).) 
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(Figure 21 Timing Jitter A<p[n].) 

(Figure 22 Adaptive Zero-crossing Points Approximation.) 

(Figure 23 Clock Signal with AM Components.) 

[02 4] AMJ&#£fcfcftVNfcfcS!|£*n 09fc*rf S^fc*. 

(Figure 24 Clock Signal without AM Components.) 

[02 5] *%®<D?a>y? . x**-mimW.<omi&<D-9i&*'tmT*k&. 

(Figure 25 A Clock Skew Measurement Apparatus.) 

[02 6] *X9W>finy? • ^*i-«je*i6©-«t*t7B-f 

(Figure 26 A Clock Skew Measurement Method.) 
[0 2 7] #3§i/§c^n^ •**^H^fc£8tf>B'.ltf>— 03&^-f7n-^-v 
hXfo*. 

(Figure 27 Another Clock Skew Measurement Method.) 

[0 2 8 ] *%W<D? a . x*=L-m%gmrz%h^biiZ>?<< 5 

(Figure 28 A Timing Estimator.) 

[0 2 9 ] *HPJ<D* n . X*=L-mj£jjmX*i>h^ibiXZ?'( S 
(Figure 29 A Timing Estimation Method.) 

(Figure 30 An Analytic Signal Transformer.) 

&<D-m*7ni- 7 d - h xh 5 . 

(Figure 31 An Analytic Signal Transformation Method.) 

[03 2] *m<o**y? - x**-miEm&xhib^L>tiz>Mmm%g&^ 

(Figure 32 Another Analytic Signal Transformer.) 
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(Figure 33 Another Analytic Signal Transformation Method. 

) 

(Figure 34 Another Analytic Signal Transformer.) 

[0 3 5 j immot-ay* ' ***~mi&5m^i>%\^ftZ1ffife%&$d5 

(Figure 35 Another Analytic Signal Transformation Method. 

) 

[IH 3 6 J *?m<»t a y ? • * * S fc»JO-««r*-t 
(Figure 36 Another Clock Skew Measurement Apparatus.) 

[03 7] i&m<r>>7*yt • x**-mttfe<o£bkm<r>-'M%7r''r7v>- 

(Figure 37 Another Clock skew Measurement Method.) 
[03 8] #3§IH<7>*ay* • ** a Hffl£#fc©£ fcfcBU<9-$£^1-:7a- 
9 l ^—h-C*;fc5. 

(Figure 38 Another Clock Skew Measurement Method.) 

[03 9] ^©^n^ •^^^-W^»*0«l*©*e>fc»J«>-««:*f 

(Figure 39 Another Clock Skew Measurement Apparatus.) 

(Figure 40 Another Clock Skew Measurement Method.) 

[04 X] #HW<A*a y ^ •***-«J£^©*bfcJM©-«*jM-7ti- 

(Figure 41 Another Clock Skew Measurement Method.) 
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(Figure 42 Another Timing Jitter Estimator.) 
(Figure 43 Another Timing Jitter Estimating Method.) 

(Figure 44 A Clock Skew Testing System.) 

DETAILED DESCRIPTION OF THE INVENTION 

The invention will now be described based on the preferred 
embodiments, which do not intend to limit the scope of the present 
invention, but exemplify the invention. All of the features and 
the combinations thereof described in the embodiment are not 
necessarily essential to the invent ion . 

(i) 

MffllZ, ?uy? tco^-t^-f 5. ?n y# (clock skew 

) fi, 0 2Afc^1-,fc$fc, 1tb*.\H? n 5^£gE#S> M7-^ (clock 
distribution network) <D ? n y ? ff-§-$jC (clock source) CLKgSrJPitb 
hX, $m?ny ^^CLKj t CLK k # Weftl^** R s t R k ^®mtZ>£X 

^"sketf =V cd ~ ^id ( 1 ) 

CLKj, CLK k tf)&-ip±# 9 a: 94 % yf&Zh^tl 

t 9 cd> t 3 c a, t^cd 



(2) 



ti'?fr = f-7'V?t (multiplexer) Zh^XftU? n y >7 %M$ILX?- y~7 

^ (enb{s-^) iz£^x?vy7-m^*ititi\zfcmtzT!)^fr*mm-z>~t&x 

* B y?1s-%M CLKg y StelBIJB bfc ENB t> *> . ENB CLKg 

C-t' ti =d inu (4) 
C»te. *W^o^n 7 ^ ^vi^:/i^1>-©3iRfi# 
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£SEL = 0 b LT CLKj U ENBfg^^tyv 7 ' ^-f^y^^ffi^e^tC 

tttfj SJlfc CLKj W 5; • ^ 5 l/?<Dg. Dj ENB fl^fe £tf CLKj 

£>k - fc + <W + d k + <W + rf ow )- ( 6 ) 

*>* -Dj = fc + <V + +d MWC +rf 0£/T )-C*}-fef +d BUF +d j +d ilux +d 0VT )-tf} 

& (4) *i>h^xm.m-r%k, 

(1), (2), (3) Djc^DjOHf* 

• ** 3 i-$ l J£#&£t>*>VNTD k £ DjOgtrtift-Sr CLKj b clk* 



J 



V CLKj b ChK*F£\0>?Vy? • *=f-^-£*> b £5 ~ bitX-% 5. 

TjZ-fa-DjI+h-dj) (8) 

H4fi. *nMMMv?*v? ■ **^-mfc®®<omm£7jkLX^Z>. 04 

fcSBVvT MEAS 1 £ VtzttMX* ENB ^-§-Sr^1"5 £ £ fc ct ►) , ENB ft * 

io p d **:n p k &m^> xta* ^> out t-xfem-zft® D d eni J zzti 

D yb _ + d w +a j iTd^n +d OVT )-t£ = d BUF +dj +d MUX +d our 
D ? = fa* +d BUF + 4v«r +£ W)-'S* = rf «KP + d ifVX +d our 

Di^bD^om&hblhZb, 

15 D^-Df =d t -dj 

Lfcfl*oT, HI 4 ENBff^ge^ Pj^fctt P k £iIo 

. 20 

2_a_2_2_ : *3r^-%!l£fe (2) 

olvCtt9H*3. ^O^&te, ^oy^.^^-Ojfelft^ (deterministic 
component) £^#UW#c# (random component) £"b £ " b 6. 



tilt-, 5?y^Ho^Py^H*|ll|©^By^ • xsfra—fcolvrjfelStf-S. 
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^•^ay^ff-^-CLKg, CLKj, CLKkOAt^idSfJ^^V 5 ' $>?%%tl?h 
t 9 cd . t j cd. t k cd ^"f"$. ^^CJy^ft-l-CLKg, CLKj, CLKk CO^?S^ n y 

) &*th?tl (nT) g> (nT)j, (nT) k fci-^t, ^A'OBhJW T j cd(nT) 



(9) 



^{nT)^{nT)-t%{nT) 




[sec] 



(10) 



^(»r)=/*(«r)-^(«r) 

4M^)-(«r)J-k(^)-(«r)J4»r) t -(«r)J 




[sec] 



(i i) 



*&-(«r),-(»r). 



[sec] 



(12) 



X7 



= - (»T) t [sec] (13) 

it, ZtlZtlft&f Vy? CLKj *5 CLKk <Dm&? Uy? > • *y 

fhtV ytfa&K CLKg 0>S«* D^.jyv?.^? y^M0BMfl£t?*> 19 

A<p 9 [n] (T g /2n. (=t 3 cd(nT) - (nT) g ), A<p j [n] (T j /2n. (= t'ddiT) - (nT) 5 
), Acp k [n] (T k /2n. (= t k cd (nT) - (nT) k ) it, Ztl^fl? n y CLKg, 
cLKj, cLKkO^^^y^- Vv9W\ Vmtitm ££LT^S. fcfcL, *o 
y*fe-£-©*>f S:/^- ^y^wi^Slco^tliit-aPJtS. 5$ (l 0) 

(1 1) £5$ (9) ^KA-fZb, CLKiteZTfCLKkmotuy? 
~T£[n] (=T&(nT)) it 

+ [^[»(l)"^K^)} [sec] ( 1 4) 



* (14) o>mim 

*<L=(nT\-(»7)j [sec] (15) 

ft, CLKj CLK k ©S® * 0£*>_b&* IJ 31 y • * ^ $ V W^Zh *) 



CL Kj <fc t£ clkjc «8*^f>f ^j^fc^tim 



*,(<)= 4 cos(«|. ; (f))= Aj cosl + - ty'(t) 



(16) 



x t W=Aco S (^(0)=^co^^f + ^-A**(/)j (1 7 ) 

t-tz. rit, x j (t)*j,tt5x k (t)©»ii^£*itt, s*jhj»t l (l = j, jo * 

^tfy=TW*teftfifc^2nt/T ft fc, tififBH 1 (L = j, k) 
^fe#A<p L (t) (L = j, k) ©*n»«*l<5. 

* ; (') = + H - W J (t) [rad] (18) 

♦*(')"'+ *5 - A** (r) [rad] (19) 

fc/ct, ^oy^!5^cD|*l*ffiW©«^ifefcoV^Ttt*T?RW1-S. S(18) 
^ (19) T?A<p(t) -ofc-fSfc, VyfiZttcfo^uytim-oy^TVg 

*w(0»— ' + <t»o [rad] (2 0) 

« 

♦Lr(0 SB 7^' + *{ Trad] (2 1) 

&X<5. rOit, CLKj, CLKk 03lS4t>±^ 19^5,^. ^-Y $ >^ t = (nT) 3 
, (nT) k tt. &ffl©y-T«l*(fc«*J*ix^n (2nn - n/2) 0 
, ^ (20) tS&Xtt (2 1) ^e>»T0B8^*t)O. 
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[sec] 



(22) 



[sec] 



(23) 



LfctfoT. * (15) ,£*), HSW^ny^.^aHl 



^ = («r) 4 -(«r). 



[sec] 



(24) 



££5. -Jftfc, £8E^ B y*flH§- CLKj fcitf CLKfc©*#JW!f±2V''fcfl?U> 

w^t, #$!J£fi#<Z>#J$ftt§3 (pott, i^ftfc^-**(k>fcfci*L* 
/h~^i£fc: «fc 5 SC^SS^- (linear line fitting) ^i*oT, 

fto-^+lo)) 2 (2 5) 



©s*1^'r^»^tfcv^L*/^z:*ftlcJ:s=•^^>f (cosine wave 



2(2tf + l)|>(*)-6|>(fr) 



N(N-l) 



(26) 



20 



fitting) &&Zi£oX, 



(27) 



fl s l*'h£ft£<J: 5&$ 0 £r, (maximum likelihood estimation) & 

5 mfttt, 



( y 



$ 0 = -arctan 



2n 



£*(*)sin— * 



(28) 



^ay^.^^^-fiif*, M^^^i^tt^^ .xj/>;©t7-fe5/f^© 



[sec] 



(29) 
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5 

kftfc^^A^By^ CLKoSrMf&^ii^L, ^P yif CLKj t CLK* 
*r*y ^Kl^E1-«. 08 (a) ft^*^ • ? o CLKs£, 08 (c 
10 ) fiaifg^tlfc^ct CLKj^LTV^. v^xi* • ^ B y * CLKe<£> A0 [1] 

«5ot, HI 8 (b) fc^i"J;5fcM«lciif&L*ia»^ey^oxye;SriS3£t, 
off: A0 [i] £ M-i fiatf-t5 4: , a© [Ln/nJ] t A<p j [n] tt 1 » 1 *ttS t 
. ££T?, bdtt. x&Bfcfcv^ftfcoSBc**-*". ^ (14) £fc*>v*T. clk, 
15 t clKg^^^d^^ • fct>£»*fc* (3 0) 



«W=^ + [^[»(|)-^g) 



[sec] (3 0) 



CLKj £ CLKg FbI £>?S^#J ^D^'^a — t±, CLKj tf>M ^D^-I 

yv? (nMT) 5 i ^fA'^ n cLKgCDaSt^ n 5/^ -n:^ (iMT) Q k <D?$<D 
20 5. 



T&=(AA/r) y -(«MT) ( 



[sec] (3 1) 



r^-C, ^By^ CLKj«->^7"^-^Ds/^ CLKgSrM^TOU^^B yfX'h 
5ri>£>, CLKg £>gffl$T G lt CLKj ©IWiTj©Mj|(:^U^ (t 8 = MTj) . 



25 o£*t' ( S^i5'B^^^-§-CLK R ^'Lt J V^r^ga^By^ CLKj, CLK^^D 
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ttCmC, CLKj t CLKR^^Nff-^y ^^t. ^(14) ^^TCLKj 

^W'T^+lAf^j-A.frM^jJ [sec] (3 2) 

Srkt&S. O^lC, CLK k t CLK«(0*%mV$y->yV >?VX, iBl^CLKki 

^W^t^+^^j-A^t^jJ [sec] (3 3) 

f£<£9, CLK-j <t CLKkRBtf)^ B • ^dra.— 
r&[n]=TZ[n]-T"[n] 

[sec] (3 4) 

• CLKg^r^Btt^y ^ (30) *hh^X CLK^t 



I 

1 
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In 



[sec] 



(35) 



2* 



[sec] 



(36) 



t£«£ 0 , CLKj i: CLK k F^(^>^ Dy^- 



[sec] 



(37) 



) T4l*£t. djb a*<Dn&~>$*.i'-i/3>e$x-i>k#>, 3$ (37) X'tb&tz 

?*-y?X*^-&ffiJEtZ>Zk\z£9 CLKj £ CLKj, MEETS'* • 



[sec] 



+ (d t -d 
(38) 
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#5. uttfo-c. ro^few:, vhsionm^Tx hi£#mx-hz>. 

p y * ■ ±IS©«t 5 mpu <D#K* o y * 

mt>*^t*yt te&xm* -wi&z tiffitt 

^gUg^jlVj^fclg^^ (instantaneous phase) fllTfcffi 

^m-^x(t)«0«?|ffft^- (analytic signal) z(t)(l, &it£)»fg-S§--?Jo£ 

z{t)mx(t)+jx(t) (3 9) 

r r -C, j fiA^m^T-fe <0 , tSmfS^ z (t) OAgftfl (imaginary part) x(t) 
t±^fttt (real part) x(t) (7) Hilbert (Hilbert transform) 

#raS7Bx<t)0 Hilbert glfctt. i^Ti&i^ftS. 
i(0-H[x(/)] = ir^irfr (4 0) 

rrT-, x(t)ttH«x(t)i (l/nf) ©ft*3&*-e*«. i-^i5*>, Hilbert % 

, £ tf> £ t x(t) tt, *^<* h /l"j£#<Z)*t $ fifcfc fcv*#, -t ©ffifttt n/2 
x (t) <DI^W*9 W (t) tt, flWtt* z (t) A» fc^Sr %> fcv vt t, £ * 
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<p{t) = tan" 



(4 1) 



otfjc, Hilbert &&&t>^TmSffin*mfei-ZT/l<=l}) XAfcoV*Ttt 
5 ttCfclc, B9Kvt4ttW&flr* 



4r)=^co^/+«|> 0 -A*(r) 



K Hilbert Ut:ffi3tf(?-g-OAft»C^-f-Sffi* 



(4 2) 



5(r)=//[4)]=^sii|^+K-A#)j 



(4 3) 



03 



10 



z(0 = Jt (0 + / J ( if ) =j4cos "f + <f» 0 -A<|>(r)| + y^sin — / + <(> 0 - A<|i(f) 



2n 



(44) 



15 a) *t>^V^TffiffiB3«(p(t)«:it^rs. 



— f + <J> 0 - Aty(t) mod 2ji 
L^o J 



[rad] 



(45) 



"it, <f>it)\$, -n frb+n <D$,m<DtiLtt<7>m@. (principal value) ife*> 
feHft <p(t) S^ic, 7itttftfi«B8lf[ <p(t) 7^t5 ( 

20 unwrapping) £ttq>(t) 2n ©S8M&*S#tabO*.5) 

, ^iHt«rJR 9 Bfc&XiK&tttttttS cp (t) 5 £ k 



«K0 = + *o " A*0) trad] (46) 

MiB f-ri>ibfl?#ff?^— (Past Fourier 
Transformation) ^tj^V^cr^^^ft^a^J: »? ^T'# 5. 

« s 1 3 \z^-rmmit^htz.mmm^y.(t) £ fft u »j£ 

If -5§-<ftiSgl|i]7^ f>;W (jEk$.<DM&WLZt>^) x(f)££<5. XLbftfcMll'J*^ 
^ h/^x(f)^Ell -ofte. h/w xmoEc^&M^cfctf- 

S^Ji&lfcMOT-*©^ U $61-, jE<d/D 

#z(t)SrSl 6 t^f\ 

tit, wffiftmfetfBm-ck&tt, 2te-t&jmt±%*i- 

^-y^CO/^V^^Dj/^'ff-^tt, S*J§» (fundamental frequency) f 0 £ 
to^S (squarewave) "Cfc-S. £tf>{t-g-tt, Fourier J: ^TWttft 
f„ 3f 0 , 5f 0 , -*>fe45!WWfe (harmonics) K 3. $>y*ttttW6 
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S>y*fct>^* n s/^fH-i- (tfeaHJfeft*) O^*^ S'ift (fundamental 
sinusoidal wave) J##fi. SMB&A, g#Ji$£ T 0 £"f£ 1 , 



v*a»*Bj/*«*©{ift8»fc#j&1-$) 2nt/T 0 + <p <t<D^, -f n 



x(t)Sr*3Mk©jSWHS#z(t)WJ|-f5. JE*$iifc»4ffflr#z(t)SrHi 8£ 
20 ^t. El 1 8 Kfc^T, illiWt^^SS, tt»tt»tfff5*«)dE*«|JSr*t 
. o#*K, *WW#z(t)^e»tt»Sft*x(t>0»B*fitfBip(t)t«l^1-«. 

25 (Punear (t) <^#£fH|-f $ w t K. £ 0 *M£ff*0ffl$&te|t# A<p(t) £ fc 

^i*fcBl*ffift*t*»^A V (t)«:|g20fc*-r. ofH, &WS§- 2 (t) 




(4 7) 



28 

tt$W$(fctMHF, tftt>h?4$ i?y9 Atp[n] (- A<p(nT 0 )) Sr*S3fef 

5 Sfg-t^Sili^P (amplitude adulation, AM) J&#£& 9 &t V 5 y * Kft 
J61"5ffifflSSI (phase modulation, PM) ifcfcj: 9. *W 5 

£ft#ff>##rffi' ^-^H^x(t) ioo% wVh o% W^i: t 

15 , t'n^ n^C0lx-</Wt UX 50% U^/K73fg-^t V S0 *Sr^ffi-f S. O^d, x(t) 

^^•frsf-^^MiSi: v 5D1 i©i (x(j-i) -v 50% ), (x(j)-v 50% 

) *rt>ta6. ^t:n^(x(j-i)-v SB ) x (x(j)-v so% ) fcfHM**. x<t) 
# 50% w^, ot^^D7 - l/^fcPSiafcSW:, rtHof-V/^ ( 
x(j-i)-v so »), (x(j)-v 50% ) (DftW£.frb?E, ttz\*jEfrL>&k%Z>frtb, wi 
20 ffl&ft&kt£otck%\±, x(t)^P^P^ • i/^tWIofcwit*!), -t 
(PP&GUifcttai^TVHi (x(j-i)-v SOk ), (x(j)-v B0 %) ©»»*t©/h$t^«5 

^■o^*Wx(t)©«^«r*i-. 02 2*<7>OEPtt, ttttJ$nfci*)±i*9^o^ 

25 

, 1) <&-J|-©fl[*rJEjRffiF (multiply by a constant) L, 2) *>&*»C*^ 
30 i«>tU#v> (threshold) ffil* 9 *tv^-*ttttL#V^ffil i:St*^, 3) 
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J:!?*3w*tottS. cit, L*vMltlttL#vMa2J;«?*tv^4K;£ , tS. am 
J&#£fco"CV3*ns^te3-$:Bl2 3t*1". B#ffl&^£>'&l&#l (envelope) 
«s<SllltTV^ii*»fe, AM $#tf>#£#fr;&>5. 02 4I2, ^yy^SKlJ: 

g|2 514, *^»»*©^oy^ -^^^-SiJ^gO^^iJO-^J^Lr 
^6. z<D?vy* • ioo tt, ttftUftlElfg£&it&ttft®1HH 

77 ioi *»©*aB^cy^ff**a«tt'ffl*«, *n ^{f^iR 
SEL £*>o^ p y 102 fc, ±£#WWHl»fcArt 

20 fes^n y* • ***Hf£3M§: 103 icioTTO^^rv^. 

) &t>£tf>5*^v 104a * , hfflmfet <S*oai y i> • * 

25 105 t, ±tR*4$i/Wm*b±tt*«>Vm%fiv*y91Btttofi°y*'X 



\ 



toothy? -x* 5iHt<»Wifc*WltZ>. 12 6tt*W 

201 (cfcv^t, * B «y t^msm* 102 (owaxti sel k v 

, CLK0^rii^1-5. *?y?202\Z.-&\^X, 9vy9 • ^^a— JU^O 

&®&omW9uy9 -x-yi/\zmMLXkitZ.2>. o#-£, * y*m£#lS: 

104a iS, ^7 7/203 fcfc^T, ENB Ox y ^ • 9 ^ $ V 7*£?ll£t 

© 7 a y 9 ft* f y iZ mt) $M9vy9>m^ CLKO Oi?J?«^^ 7*£$!)£ 
io o^l;, ? y*fctS6H5fc« 105 *7"77*205 fc*SV^T, ±SEx 

ry^204 T^^tufcW^^-f ^ y ifhl&X 1 ??? 203 T«$iifc^2i 

Sy^gJIfrfctifrS. Off:, *X77° 206 T^y^t^i! 

102 (DMViAti sel id V cua.*mftt&. o#ld, xt-; 

^207 KfcVT, 7 n 7 7 '^^^-«cDS^f^-^ LT, y<yv-/ 101 Oenb 
15 AM", s<y7 7liiti*W5I1-Z>m-%A*l&®®£>mm*vy* -^y^zmmt 
xhtztz. ot'i:, ^-r^y^Ji^^io4a^, Z7-yZr2Q8 \z^x. £ 

TO-^-enb ciyv? • ^ y^^suti-*. o#*(c, 94 x 104b 
^fs-^-cLKi yyzmjtts. r>€\z, 94 x yfrnmitt® 

20 105*5, ^Xy^lO |C*5V*T. ±IS^7 i i/^209 T*$lj££ilfc3fc$Jj£7^ $ ^ 

^i±ie^7 i y7' 203 vm&ztii±mm?<($>y<Dm&zi>k*>z. -omz, 

9 Uy 9 ' X* 106 XT?? 211 BUSl^C, ±157^7^205 

, 210 -CMjfcSftfc*^ 5 >y&&<0&%i>h #>Z>Z\h\Z£*) CLKO t CLK1 T&<D 

9 ti -y 9 hb#>Z>. ft&fc, ttjE#Si07*s, xry"/2l2^v^ 

25 T, ±l2^7 i yy 210 -CjMJ^ftfc^ny* • x^a-fcttjEL, ^S^^Tt 
5. &$J£tV lv9kmm94 5 V7**)»£e&fc£*5 ±12^7^7^205, 210 
izH^X, 94 5 y^RSiaS#S 105 ^ (5) SfcfiSfc (6) 

^aa^^-r ^ytwttj s y9<Dm%*t>t$>z>. £fc, clko t clki FpI^ 

705/7 • ^a-^ti^fy^ 211 fc*JV*T. 9Uy9 ' X*=L-ft%. 
30 #^106(4, 5£ (7) *hh^X94 %v9tm<»m&^b$>Z>. 7D7 



2U\Z&^X, ?n*,t .^*a-WI«106 tt, MttS (7) ©16 

5 h$tlT*J"9, #M«^©H^ 0 ©it, ±fe^X->7 P 212 f*£J&LTt> 
<tV\ ?n • ^^3.-©j|HS*l«*lRl±1"5*:«>fc, ^xy7"20l^ 

bXTV? 212 $T£*tt|B|»«?igL, it^B^ • *^-©¥i$£*> 

10 HI 2 7 a y t • * *»H»£^©&£3MR©J3'J©-0!l** t 

TV^S. ttCfcfc, *7^:/30lK*5^-C, *nj,*fc3*&**-l02©aiRA 
"0" £fcfc;t, CLKO £3R*<5. o£?fc, 5 ^*t£¥& 105a 
it, 302 (Cfev^r, tJB**BK£A*£ftT^$^*^A • 

O »|*U otic, 5 >^*}f 104b 

y 15 tf, ^r^y 303 fcfcv^T, mt&B&otaytmjjt'yicftti.isiriztu*, 

[J *ft* clko ©x 7 v? • ^ * y^SrjBMTtS. o^lc, $ 

g 105#, x?y?304 fcfcV^C, ±IE^Ty^303 T?Sa^S*t*:*?B93e^-r 

r ^iritE^xy^ 302 TiS!l5t£ftfcg^*^y^©gl£l£'b£&5. 

E a. 

q 7 r "77*305 Kfev^T, * o vtfeWSeRM* 102 ©ilftATJ sbl "1" £fc 

W 20 fc*., CLKi&afrtS. ofl;, *4 * >^f££^& 104a tf, 306 Id 

y! 

?mt)¥yictiiti&tiZ>? u y*ft*CLKi Oi5/v?'N? y?*mfeTZ. o 

^ S >7*PMifJ£3M& 105 *T7 7*308 fcfcV^. ±fE*T7 7*307 

25 T-$J££ ft *:»£*-< =: ^£±12* r 306 ^fflj£&*ifc3£a**'f 5 ^ 
<Dmm*bb#>5. o#*(c, • **»-fUf^£ 106 xTy?309 

tcfcwc, ±fe*x77°304, 308 T»£Sti,fc*^$^tfli£©il*:t>i:**:: 
fc«t 9 clko t clki (BJ©*B7* £©3. ftfcfc, *RE^ft 

107 JJS, *T7 7°310 tCfc^T, ±|E^9 t S'^309t?8!|^$*l*:^ny^ ■ 



fcS±!E*7 L y7'304, 308 (CfeV^T, $ ^ ^1*3181 10 S tt, £ ( 3 

5) *iztt& (3 6) ftt,*»v^«»ft^-r$v^ia;*^5^©IR36.- -r* 
fr*>, WfA- *py*£4fcaHfc*n y *M©;**»— clko 
i: clki fflc^^n^^ ♦ ^^-tr^^-S^ry/ 309 ^*5V^T, 
5 106 f*. a (3 7) Srfct^T^WSy^&oHSrfcfci&S 

. ^d*^ • **^-£*&IE1-S*t$/7*212 Icfcl^T, IlfU 107 

, 5t(3 8) *%1b^X9*y9 - X*=L-%jmMm&fffl<D%X&jEl-Z>. tit 

T5£ (3 7) 0*ft*m*t>£*T 1 t>J:i\ Sfc. fl*fi*ny*<0tttfjE«aS/<5 
10 J; < Rtf • W 7 * h £*i*C*J «j , #Ei»iI3i|Ei^niJoaiS*«>T'>*v>fc #. 

±IS^7 i y7 S 310 tt^TUtTt>iV\ ^Dy^tt^xye?. ^'f?^ 

^'bi:to'5^T^7 0 302, 303, 306, 307 \t, HI 2 9 {C^1"feg^fR'C > S#^X. 
Tfc«fcV\ 

15 Jbffi^W 5y^Mfl! 104a, 104b tt, HI 2 8fc*i1*Jj& , T?t>&St , e*5. 

«^fs«^l9: 401 £, ±E^«#ro(*i#Cfcte£fcfca*»^ffifft»& 
402 i. ±£W#fltfBj&>fe±eA27ft#© y =7»BWftttS:t> t »5 y =7*M*tt 

i5A^^ o j/^ft^iaxy^ • $ vyzjLztmmftft&zwt. 404 
o * • * >r * v^sai ^Ewnaftntf- * y y v ^ u JtieA 

fc, fcXvXm&ZtlX^Z. flWHt«*^ft 401 tt. 0 3 0, SI 3 2, 03 
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WRWJcaJg$*te«?*fflf#K:*!ftr-rs. o^fr, 402 as, x 

404 iS, * 7^ 7* 504 tefel^T, y=rtttt*jE^R403-C*fct§tlfcy^TW 

10 $y^*t>£&5. y-Tfe4i^^405li, 7 505 fc*5 

rffi«8fe*#« 405 T?ilJfe*iifc±B**tt4Ut*A»fe. ±KAWfflr*0**fc 

i^T, tMIIffifBAttft^ft 404 Mt, 5$ (2 2) £k*>ivtg&xy^. $ y 

20 3,035 fc^-f^jR-efc ^t^-ets. 

»*r»*tTW^fSHBJt*«r*.5!;^7tt*ai»*#ft405 vmmmgfrb 

25 A^fff*©*^ $ y^ • ^y^»tt«)5fP^D^ • y f-y:/y y^& 
406 fiW-c#5. B2 9te*1-^*y^Jije#jfett, Xfifiuyfis 

30 



m 



03 ott, *nwm<r>*4%y#m&& 400 x^h^tizimm^mk 

601 , 601 OffiTWHr Hilbert ^& LATMf Hilbert 

Hilbert£*#« 602 fc±otii*ftT^5. ttttail 
601 fi, TT-a-?7jsi,?X'h7 t i??/l'7j/\"?-?kJ:\<^L, PFT&£ 

Oxv^/WfWS^^TII&LT'bi.vv gfc, eoi « 

^*©»a*iiir*UTv^s. {4^^!-, if^ijittam eoi a*, *x s^oi 

1$%mtZ>. Olffc, Hilbert &&&& 602 *T y 7* 702 K&PT. 

PS^ixfc»^f9^{C Hilbert mmzmft L, WffB^SSkSUt^f 5 a* 
ft*© Hilbert '£&y*££/£-f*. *Wft*»tft^« 600 fi, ^r?:/ 

703 Kfe^T, TOM^a^601^|±57Jff-§-^^fft^llM, Hilbert 

H3 2f4, *mmfim<o?<< $ y^*££#i& 400 r^^^ens^m-^^ 

fcflSiMRifcoWfll*-** h/Hf^lc»r5iS^M«m^ 801 fc, ±C 

ttj-rmwisttam 802 ±jmmm&m^& 302 mmniftftmm&s 

soi #£ucragtttg&#£ 803 ^en^eti fpt & ji^g pft srt 
*>^t^uui\ */c, wjwifg 802 (4, {i^oaii«^g^ 



35 

m**? h/wrs-^m-rs. ort, 802 902 

■0«*Sr^WI««©«Wffll*fc*ftU »l«r*T1-5. ilE^r^ 902 *s«fc 

^T^7° 903 tt, &JI©J«#£A*l#;tTfc£<, W^ffl-§"©S^M# 
15 iV\ 

i3 3 4 fs, *mm%m<of> 4 $>?mtt& 400 T^v^ftsa^tes-g* 

#j£©*iJ&©j§«J©-0iJ£^LT^3. ^{f^m^ioooti, «S9^#«rif ' 
Slt5^77r^*y 1001 /<y7r> J B!l 1001 J: t) fS^SriSJHSflJi *) ffl Lfc 

<fu^s#*«*j!MR«ow«^^^ b>iH8*\zm&i-zmmmttt(&is&& 1004 

»&##©##©*£]» n ft-rftmmtm^m 1005 ±ia«wpfifeg^a 
25 1005 <omti£&mmi<ofett&£&i-5®toffi&%m¥& 100$ t, *©b#[s . 
«^»^n^^±E^«©»^^i:T»ftfjpg$tiyb^m^?rt 

«a£«i§*ft##S 1007 \££<>XWf&£tiX^Z.J%&mi®&9k¥& 1004 

*5«tt/li*IHI««**#Sl006 12, ^^FFT*SJ:V®FPT^t*,V^SI|6U 

-cb«tv\ fftttgnawa 1005 a, ft^©iia##& 

30 «t5fc#ffifcLTt>J:lv 
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otic, *mMMU(DMVrft%%&*®iooo fcftJB LX&mfeit *«r*r#IWffi 

5 lOOlfcta-fS. OfiC, f§-£ft Officii! 1002 **. *T 

^^1102 fcfci^-c, ^f77^U iooi*»e>*fl|**i*:«*0-««rft!)ait- 

. O^Kl, *B8«:ft»#a 1003 *S, ^Ty^l^ (OB^T, 3 

10 &&<onmx'<* hAft%K&&tz. o^c, ^«fjis«ia^® looses. ^ 

«»!8:j*^*-tfBtce#tfti5. o^fc, ?»Ji«&31#& 1005 n, xtv7 
1106 fcfcioT, aroEft^tf&^nfcfitgUfeih/fcttffl*^ h/i/flWcfc 

**, ^^j/^iiot^^v^t, ftmmmzKizmmmmvftm*^? h^t*K 

S»»^« 1007 fi. ^x^T'noe icfeVNr, aaB***ufc^WHH*©flr#K:^ 
r 5/7" H03 T?**UfcJSHft©jS»«*iRJ|tL, IWJftBKSiifcWHI^t^ft 
20 5. ftffete, *r ^^1109 fc*JV»T, /^y77/ ; t!)CfeI$^tv^f-^ 
a^Ffc-rsa^&fllBU MS^I^T^^^v^7 ^ -^*5#^E1-6^^(^. fiMHR0 
ft L3M£ 1002 *S, ^y^motefevvt, /<?7r>* y 1001 XVtettffi 

@»«?ajLfc»i-»a***Wfe«*»9tttfc*. ^7^7 1103, 1104 
, 1105, 1106, 1107, 1108, 1109 fctSUfiL, &fi&*l"CV*l^f !f *-£*S# 

25 flEU*V*&fi. fBM&fcTir&. ±15^7^^^ 1105 isjit*^*:/ liOS it, 
30 3 6 »i, p * * ♦ **a-M£»tt©«j*©»]©-0»J«r* tT 



0 

(Ti??Mt) tf'^yHt^KSElftr'B ad 1201a J: V 1201b 
fi}rSC*«r|fc^-C, i2 5^W By ^ (ffi 
«Ofctf>, Itt6»»©RWttfBt5). -tie ad SSiiftAD 
%IM9. W^-fif (digitizer), f^'t^D^- tv/B^^^ 

oyt, o v t • **aHW£s» 1200 *$im Lxmm.'m?r<n>t u 

S^fett. ad 1201a axxfi 1201b r^n^os^fi-^tM^^ 

1302 sr^dts* t&m^x, m2 6\z7f;t?*v? - ^*a-aijE*teiTO 

in 2 7 d 5/ 9 • ia#fc«*atri t mx* 

a*. 

? !> s/7 B ^l40la*5,fciC/l40lbSr^1-5-t^l^V^'C, HI 2 BlCjp'f^By 

5). 

o£*£, *i^a-^ • 1400 ^lltta^fif©^ a 

J&frfett, WjJy/^ 1401a *3cttf 1401b /JS, ttffl£<2#G> AM 
•J^*^*:/ 1501, 1502 £JMi-rS ^ £ &I&V^-C, H2 6K3%i-^5f^»* 
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<n*4 5 >?'i?>y?mfe¥& 1600 fi, SSKKi^^^A^i L, ±f2P^H4tg 

ffi*t*ufe*#ia; 1601 %&mtzzb zm^x, m 2 s fc^t- ^ 5 y^jt^is: 
v • $ y#*mfctz>w&owift%mw'rz. $43 it^mmmm^^^ 5 > 

#ft**Lfc«, ffiffl&ffifBIHFIfc&^Jt 1601 ^i^WMt^iiM^ 
5 ^ry 7° 1701 STJUSt" S~ ££Bfc^T, HI 2 9(^1"^^ 5 ^J6£ 

1800 tt, W&r/V* (device under test, OUT) 1801 fcft^^fcfcx. 
S ^^MWGWSS (automatic test equipment) 1802 i, #tt**7* * 

¥$WKSIfi 1802 IS, fcBWft^VW* 1801 fc* a i/^^-saisijg^sSd-r-Sfi 
Itc^rA^D-^, ftf^e- Kfctfflrf »&«-§-&#&U 
**^-ilJ;£&g 1803 K:JEM-9-«rft«1-S. IfcWB^/W* isoi 



tutf. ^o^^ft^jl^^?r^-^j/7 , -.iiAQ-r-5r < !r{wJ;0 > a* boffin 



Although the present invention has been described by way 
of exemplary embodiments , it should be understood that many changes 
and substitutions may be made by those skilled in the art without 
departing from the spirit and the scope of the present invention 
which is defined only by the appended claims. 
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WHAT IS CLAIMED IS: 

**zl- (clock skew) ZMfet h-oX, 
^^^^UTfcb^-f^^ci^^^^ijl^ (element) 

% $ 6, KMrc-s - 1 * & -r sift 1 e«o * o 5/ * • ***-m&m. 

WO^ d y ^ . ^^fa-©5fctWj*^ (deterministic component) ^ZU^I" 
%<r>9u v 9 • ***-©*ftfll|ft£ (random component) fciJ^-fS ^ <b£ 

* b <y ^ ft 5/ V • * $ y /-eft 5 52f| * 4 ^ > /£ 1 1 fc 5 ^ ^ 5 y ^ 



7 J iifB^^ $ >mz^mix AftSSaflHHs £tfttfS&8B** 
zkfrftUk 1"5 Sff*^ 5 * fctt 6 fcieft© & o *y J 7 • * * a. - ffl^lSfl. 

analytic signal transformer) <!:, 

HUlE^fi^COP^^^^ fc 1b$WWmm*9L (instantaneousphase 
estimator) £, 

JJ =7H^!fl[ffi}f^¥® (linear instantaneous phase estimator) k, 

%omm*yi?- (initial phase 

estimator) k, 

m. 
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instantaneous phase noise) ££5 V ~T tisMfe^^-Wt. (linear trend 
remover) t , 

zero-crossing resampler) t, 

band-pass filter) <!:, 

H&IB#^<WISf9*Sr Hilbert ^LA^fff^W Hilbert SJfc*«r4j«i-S 
Hilbert (Hilbert transformer) b, 

h^^Sftt^JimWttKII^S (time domain to 
frequency domain transformer) 

WkOm&WL (bandwidth limiter) b, 

(frequency domain to time domain transformer) t, 

ButE^ o y tismmnzh, ? n y 777^!) (buffer 

memory) £ , 

/<y7 7 /*» £*) m jjri: mmn ■? aj £ •? tts 



lti£tltz&®MJ§r\zmm& (window function) ^|t5ftt 

t, 

band-limited) fmtE^ZtZ^&t , 

T\??Mt (digitize)) iS, AD^&^S: (analog-to-digital converter 

^ b y * ff tflfc 9 , buIE««^ tr y ? if ^S^H^^I^* t , 
waveform clipper) SrjyrfS £ t ZftmttZm 1 ©{"TiXjWcE 



*~-Z%ktbZ>xry7k, 



4^ 

mmm? * y 9 y v • 9 4 > y?x~h zm&fcf 4 ? t> t » 

huIE 5 ^9* i tfilBS*^ $ > ?<DWm& i>btbZxTy7b, 
b &Z XT y 7b, 

5 £ b £*H* tt§ ft £31 2 2 fiftO * a y ? . * * » -$J£#j£ . 

94 5 t ti>6 r £ *4ttR&1**f|»*«2 2 *fcf± 2 3 iCfBlfeo^ a y * 

[St#f 2 5 J Affix 5,5;. ^^^y^^txb^^xx^yfi, 
$lRMtiTt§-%om&tffctt &bb#>Z>X7 L y7b, 

7b, 

%<DJm*?V- 94 %yy**hb#>%xv-y7b, 

Z&ffii-Z^bZfr&btZtf*^2 2£tz\$2 3iZtt®<D9uyy--x*^~m 



yfb, 

\zm*z> z t *#m t i-znm 2 5 mo * □ 5, * ■ * * 3 -mm 

yf\t, 

ti&WSMMI** Hilbert L, Mmm&fi a yfiw^o Hilbert % 

mm.2 8] mm^tiy^is^mmom^m^mt^^Tyyit 

ft, 
ft, 



to to 

* <z> mmmm& £ n Adt #k lute® £nt ixmmm ztitzM 
m$m3 o i mmmfetj $ v?b &m*j =• >^ro«&&t> b 

wt*#*i:tSII*9f2 2f28tf)*ny* • 

«fc tftt«£* n 5/ *{f ^&{|fioi|fi$9|0^ L, «*©ffiffi3BHJ« 

mm*&*zj£ti, mmmftmamgvmMftm&i'zxTy?*, £ 



ABSTRACT OP THE DISCLOSURE 
*OV^Jl**«r»lRU-CW*f5^0 5'^««WWIW' (element) 



